ABSTRACT: Thirtyeight Angusbased, crossbred, nulliparous beef heifers (BW = 280 ± 26.3 kg) sired by 2 Angus sires were used to determine if dam BW affected heifer performance, DMI, residual feed intake (RFI), and endocrine markers. Heifers were housed in individual pens (2.2 by 9.1 m) equipped with 2.2 m of bunk space and fed a diet (90.4% DM, 13.7% CP, 67.2% NDF, and 56.2% TDN) consisting of 87.2% ber mudagrass hay and 12.8% liquid protein supplement for a 14d adaption period and a 70d feeding period. Individual daily feed intake was used to calculate RFI for each heifer, and heifer was the experimental unit. Twoday beginning and end BW were recorded and hip height was used to calculate frame score (FS). Heifer dams were assigned to a light (LIT; 544 ± 21.3 kg) or heavy (HEV; 621 ± 34.8 kg) BW group on the basis of mean BW at the beginning of their lactation period the previous year to determine differences in heifer offspring DMI and RFI. Based on heifer RFI ranking, heifers were classified as positive (POS; 0.34) or nega tive (NEG; -0.31) RFI and low (LOW; -0.45), medium (MED; 0.00), or high (HI; 0.49) RFI for analysis of BW, FS, BW gain, and DMI. There were no dam BW group × sire interactions (P > 0.10) for all independent variables. Beginning and end BW was greater (P < 0.05) for heifers out of HEV compared with LIT BW dams. Body weight gain, ADG, FS, DMI, and RFI were not significant (P > 0.10) for heifers out of HEV com pared with LIT BW dams; however, a sire effect existed (P < 0.01) for BW gain, ADG, FS, and DMI. Among RFI classifications, beginning and end BW, BW gain, ADG, and FS were not different (P > 0.10) whereas DMI was greater (P = 0.03) among heifers in the POS compared with the NEG RFI group and greater (P = 0.01) among heifers in the MED and HI compared with LOW RFI group, respectively. Plasma insulin levels were greater (P = 0.03) in the NEG compared with the POS RFI heifers, and thyroxine (T 4 ) levels were greater (P = 0.02) in the POS compared with the NEG RFI heif ers. A positive relationship existed (P ≤ 0.05) between dam BW and heifer DMI (r = 0.42), beginning and end BW (r = 0.45 and 54), and FS (r = 0.58) and between RFI and d 70 triiodothyronine (r = 0.34), d 70 T 4 (r = 0.35), and d 0 and 70 combined T 4 (r = 0.32), respec tively. Heifers out of dams from the HEV BW group were heavier and a positive correlation existed between dam BW and heifer BW, gain, DMI, and FS, which can impact selection goals for replacement heifers.
INTRODUCTION
The mature size of beef cows has increased over the last 30 yr due to the strong positive genetic correlation between weaning weight and mature size (r = 0.80) and carcass weights and mature size (r = 0.76; Bullock et al., 1993) , respectively. To produce more meat, organ size and metabolic capacity must increase, subsequently im pacting maintenance energy requirements (DiCostanzo et al., 1990; Ortigues et al., 1993) .
Selection for feed conversion ratio has been the preferred method of measuring and selecting for feed efficiency, and as a result, selection has increased ma ture cow size, along with BW gain performance and feed intake (Herd and Bishop, 2000) . Residual feed intake (RFI) is the difference between actual and pre dicted daily feed intake of an animal for a given level of maintenance or production (Basarab et al., 2003) and reported to be independent of BW and mature size (Herd and Bishop, 2000; Arthur et al., 2005) . In addition, postweaning RFI is genetically correlated to mature cow feed intake (Arthur et al., 1999; Archer et al., 2002) Although the relationship between physiological markers, DMI, and feed efficiency is not well understood, it has been reported steers with greater plasma leptin concentrations had greater DMI (Nkrumah et al., 2007) and greater RFI (Richardson et al., 2004; Nkrumah et al., 2007) . In addition, highRFI steers had greater systemic insulin concentrations (Richardson et al., 2004) .
Intake required for cow maintenance accounts for approximately 50% of total feed energy required for beef production (Ferrell and Jenkins, 1984) , so longterm impacts of size and intake need to be considered when selecting replacements heifers. The objectives of this study were to evaluate the relationship 1) between dam BW group on replacement heifer DMI, RFI, ani mal performance, and endocrine markers and 2) be tween RFI classifications on replacement heifer BW, DMI, animal performance, and endocrine markers be fore their first breeding season.
MATERIALS AND METHODS
All procedures and facilities used in this experi ment were approved by the Louisiana State University Institutional Agricultural Center Animal Care and Use Committee (number A201115).
Animals and Management
Thirtyeight nulliparous, springborn, Angusbased crossbred beef heifers (BW = 280 ± 26.3 kg and 367 ± 6.9 mean age in days) were used to determine differ ences in DMI, RFI, and animal performance based on dam's classification for mature BW. The experiment was conducted at the Louisiana State University Agricultural Experiment Station, Hill Farm Research Station (Homer, LA) during March through May. During the spring of 2011, 174 cows (4.5 yr of age and older) were randomly artificially inseminated to 1 of 2 Angus bulls with similar performance traits using a timedAI 7d COSynch plus controlled internal drug release device (Zoetis, Florham Park, NJ) estrous synchronization protocol. Pregnancy diagnosis 43 d following timed AI resulted in a 70% pregnancy rate to AI. At weaning during the fall of 2011, all cows in the herd were sorted into a light (LIT; 488 ± 30 kg) or heavy (HEV; 573 ± 39 kg) cow BW group based on the average BW of the entire herd. Forty-five AIpregnant cows gave birth to lactating cows during the spring of 2012, with 38 heifer calves selected for in take and feed efficiency evaluation in 2012 (Walker et al., 2015) . Beginning mean BW in March of 2012 for dams of heifers used in the current study in the LIT and HEV BW groups were 544 ± 21.3 kg and 621 ± 34.8 kg, respectively.
During the development feeding period in late winter and early spring of 2013, heifers were housed in individual pens (2.2 by 9.1 m) with concrete flooring equipped with 2.2 m of bunk space for a 14-d adaption period and a 70d feeding period. Dry pine shavings were placed on half of each pen space to a depth of 15 cm and manure was removed daily. All pens and bunk space were covered with the bunks located on the outer edge of the pens. All heifers had ad libitum access to water and minerals (minimum amounts of 96.5% salt, 4,000 mg/kg Zn, 1,600 mg/kg Fe, 1,200 mg/kg Mn, 260 mg/kg Cu, 100 mg/kg I, and 40 mg/kg Co; American Stockman, Overland Park, KS).
Animal performance was measured by collecting individual BW and frame score (FS). Individual BW were recorded on 2 consecutive days at initiation (d -1 and 0), on d 30, and at the conclusion (d 69 and 70) of the feeding period. Hip height (HH) was recorded on 2 consecutive days at initiation of the feeding period and used to calculate FS for each animal. Frame score for each animal was calculated using the following formu la: FS = -11.7086 + (0.4723 × HH) -(0.0239 × age) + (0.0000146 × age 2 ) + (0.0000759 × HH × age), in which age = day of age (Beef Improvement Federation, 2002) . Performance was measured over the 70d feeding period using BW gain and ADG. Individual feed intake data were collected daily by weighing the diet offered at ap proximately 0800 h each day and weighing orts approxi mately 22 to 24 h later for each heifer. Feed intake data on days with precipitation or from missing orts were re moved from analysis; therefore, a minimum of 62 d of feed intake data were used for analysis. Determination of ort DM is described by Walker et al. (2015) .
Diets
Animals were allowed ad libitum access to diets, initially offered at 2.5 to 3.5% of individual BW dur ing the feeding period. Daily, the amount of individual feed delivered was adjusted so that orts consisted of approximately 15% of daily diet fed the subsequent day to ensure ad libitum access to the diet. The diet consisted of chopping and mixing 87.2% bermudag rass hay and 12.8% liquid protein supplement in a TMR Mixer (Supreme International, Wetaskiwin, AB, Canada). The harvested forages used and the amount of liquid supplement added were determined accord ing to the NRC (1996) recommendations for growing cattle and designed for 0.80 kg/d of BW gain fed ad libitum, expected intake of the protein supplement if consumed ad libitum, and expected residual of liquid supplement left within remaining orts. Chemical and energy composition of diets fed to heifers during the 70d feeding period are listed in Table 1 .
Endocrine Markers
Blood samples were obtained via coccygeal ve nipuncture from each heifer on d 0 and 70 during the feeding period. Blood samples (6 to 8 mL/sam ple) were collected into Vacutainer tubes (Becton Dickinson, Franklin Lakes, NJ) containing Sodium Heparin N and placed on ice. Plasma was obtained by centrifugation (4,235 × g for 15 min at 0°C) and stored at -20°C until analyzed for glucose and insulin, leptin, triiodothyronine (T 3 ), and thyroxine (T 4 ).
Concentrations of plasma glucose were analyzed via colorimetric procedures using spectrophotometric procedures outlined in commercially available kits (Sigma Diagnostics, St. Louis, MO). Limit of detec tion was 0.4 mmol/L and intra and interassay CV were 4 and 6%, respectively. Concentration of plasma insu lin was assayed by RIA with reagents from Siemens Healthcare Diagnostics (Duluth, GA). All samples were measured in a single assay. Limit of detection was 0.5 milliunits/L and the intra-assay CV averaged 5%.
Concentration of plasma leptin was determined as described by Gentry et al. (2013) using RIA. The min imum detection limit of leptin was 0.2 ng/mL and the intra-and interassay CV were 6 and 14%, respectively.
Concentrations for T 3 and T 4 were analyzed by RIA using coated tubes and reagents from MP Biomedicals (Santa Ana, CA). Percent recovery was analyzed by spiking standards of each kit with plasma in a 1:30 standard plasma dilution. The kits were validated by performing curve displacement and parallelism by di luting plasma samples in a 1:1 ratio with each stan dard and plotting final values against standard curves (Williams et al., 1987) . Limits of detection for T 3 and T 4 assays were 10 ng/mL and 0.4 μg/dL, respectively; intraassay CV for T 3 and T 4 were 5 and 6%, and in terassay CV were 8 and 7%, respectively.
Determination of Residual Feed Intake
Individual feed intake was recorded over 70 d dur ing the feeding period and used to calculate RFI for each heifer. Residual feed intake was calculated as the differ ence between actual individual daily feed intake and the expected individual daily feed intake. Beginning and end BW was regressed over time using simple linear regression to calculate midtest BW and ADG. Stepwise multiple regression analysis and backward elimination was performed to develop equations for predicted DMI using PROC REG of SAS (SAS Inst. Inc., Cary, NC). The full model included heifer ADG, metabolic midtest BW, and FS. Variables were regressed against indi vidual daily feed intake where metabolic midtest BW was calculated as midtest BW 0.75 (Basarab et al., 2003) . The significance level used to determine the variables that remained in the stepwise regression equation for predicted DMI was set at P < 0.05.
The model was fitted for the 70-d feeding period:
in which β 0 = the regression intercept, β 1 = the par tial regression coefficient of feed intake on midtest BW 0.75 , and β 2 = the partial regression coefficient of feed intake on ADG.
Statistical Analyses
Data were analyzed with heifer as the experimen tal unit. Residual feed intake is defined as the observed DMI minus the predicted DMI (Koch et al., 1963) , so heifers more efficient than their contemporary group have a more negative RFI value (feed intake was lower than predicted) and heifers less efficient than their con temporary group have a more positive RFI value (feed intake was greater than predicted). Due to the normal distribution of RFI data, heifers were placed into a posi tive (POS; RFI > 0.00) or negative (NEG; RFI < 0.00) RFI feed efficiency group based on their RFI values. Heifers were also classified into a low (LOW; <0.10 SD mean RFI), medium (MED; within ± 0.10 SD), or high (HI; >0.10 SD mean RFI) RFI feed efficiency group based on their RFI values (Meyer et al., 2008) . These RFI groups were identified to determine whether differences existed in beginning BW, end BW, BW gain, ADG, DMI, FS, and endocrine markers among heifers with a NEG and POS RFI value and among heifers with a LOW, MED, or HI RFI value to detect differences among extreme low and high RFI values.
Differences in beginning and end BW, FS, BW gain, ADG, DMI, and RFI, between dam BW group, sire, and dam BW group × sire interaction were analyzed using the GLM procedure (SAS Inst. Inc.). There was no dam BW group × sire interaction (P > 0.10) for all indepen dent variables, so the interaction was removed from all models. Differences in beginning and end BW, FS, BW gain, ADG, DMI, and RFI, between RFI feed efficiency group, sire, and RFI feed efficiency group × sire inter action were analyzed using the GLM procedure. There was no RFI feed efficiency group × sire interaction (P > 0.10) for all independent variables, so the interaction was removed from all models. Sire was included as a random effect and the covariate used in the full model included day of age. Backward elimination was per formed to identify if the variables remained in the final model using a significance level set at P < 0.05. Differences in plasma glucose, insulin, T 3 , T 4 , and leptin between dam BW group, sample day, and dam BW group × sample day interaction as well as RFI feed efficiency group, sample day, and RFI group × sample day interaction were analyzed using the MIXED pro cedure with repeated measures of SAS. Covariate used in the full model included day of age and backward elimination was performed to identify if the variable remained in the final model using a significance level set at P < 0.05. Significance of main effects was deter mined at P < 0.05, with tendencies declared at P < 0.10.
Partial correlations were performed using the CORR procedure of SAS to determine correlation coefficients among RFI, performance parameters, and endocrine pro files as well as dam BW, performance parameters, and endocrine profiles. Statistical significance was declared when P < 0.05 and a tendency was declared at P < 0.10.
RESULTS

Body Weight Groups
Mean DMI was 7.4 kg/d (SD = 0.9 kg/d), and mean ADG was 0.76 kg/d (SD = 0.15 kg/d). Beginning and end BW from heifers out of HEV dams were greater (P = 0.02; 289 ± 5.73 and 345 ± 5.86 kg, respectively) compared with heifers out of LIT dams (271 ± 5.73 kg and 323 ± 5.86 kg, respectively; Table 2 ). Frame score in heifers out of HEV dams (5.7 ± 0.15) were not sig nificant (P = 0.13) compared with heifers out of LIT dams (5.2 ± 0.15). Throughout the 70-d intake study, heifer DMI was not significant (P = 0.15) between dam BW group, although heifers out of HEV dams con sumed 0.6 kg/d more with an 8% increase than heifers out of LIT dams. In addition, no differences (P > 0.10) were observed between dam BW group for heifer BW gain, ADG, and RFI. However, a sire effect did exist (P < 0.01) where heifers sired by one sire had greater BW gain, ADG, FS, and DMI over heifers sired by the other sire, across BW groups. Across all heifers, RFI averaged 0.00 ± 0.46 kg of daily DM/d and individual heifer RFI values ranged from -0.78 (most efficient) to 1.53 kg of daily DM/d (least efficient).
Residual Feed Intake Classification, Negative vs. Positive
For the first analysis of NEG and POS RFI feed efficiency groups, beginning and end BW was similar (P ≥ 0.58) and averaged 280 kg (SD = 26.3 kg) and 334 kg (SD = 28.3 kg; Table 3 ). Heifer performance data for BW gain, ADG, and FS were similar (P > 0.10) among heifers classified as POS or NEG RFI, respectively. However, POS heifers consumed 0.5 kg more (P = 0.03; 7.7 ± 0.19 kg), with a 4.0% increase, daily DM compared with heifers classified as NEG (7.2 ± 0.19 kg) RFI. In addition, NEG heifers had a lower (P < 0.01) RFI value than POS heifers. There was a sire effect (P < 0.01) where heifers sired by one sire had greater BW gain, ADG, FS, and DMI over heifers sired by the other sire, across RFI groups.
Residual Feed Intake Classification, Low vs. Medium vs. High
For the second analysis of LOW, MED, and HI RFI feed efficiency groups, beginning BW, end BW, BW gain, ADG, and FS were similar (P ≥ 0.11) among heifers within each RFI group (Table 3) . Daily DMI was greater (P = 0.01) for heifers in the MED (7.5 ± 0.25 kg/d) and HI (7.7 ± 0.25 kg/d) RFI group com pared with heifers in the LOW (7.1 ± 0.25 kg/d) RFI 1 LIT = heifers out of dams weighing below the group mean beginning BW (591 kg); HEV = heifers out of dams weighing above the group mean beginning BW during lactation the previous year.
2 Pooled SE of means from heifers grouped by dam BW.
3 Least squares means for sire and within a row for BW group are de clared significant at P < 0.05 with tendencies declared at P < 0.10. 4 Age at the start of the feeding period.
groups, respectively. In addition, RFI was significant ly different (P < 0.01) among the LOW (-0.4), MED (0.0), and HI (0.5) RFI classifications. Similar to the NEG and POS RFI classification groups, there was a sire effect (P < 0.01) where heifers sired by one sire had greater BW gain, ADG, FS, and DMI over heifers sired by the other sire, across RFI groups.
Endocrine Markers
Endocrine markers glucose, insulin, T 3 , T 4 , and leptin measured during the 70d feeding period are presented in Tables 4 and 5 . Based on dam BW group, there were no sample day interactions (P > 0.10) for glucose, insulin, T 4 , and leptin concentrations (Table 4) ; however, there tended to be a sample day × dam BW group interaction (P = 0.05) for T 3 . Levels of T3 on d 0 in heifers in the HEV BW group were lower (P < 0.01; 112 ± 5.62 ng/mL) compared with d 70 (135.7 ± 6.4 ng/ mL), but similar to heifers in the LIT BW group on d 0 and 70 (122.0 ± 5.62 and 123.7 ± 6.4 ng/mL), respec tively. Levels of T 3 on d 0 and 70 in the LIT BW group and on d 70 in the HEV BW group were not significant (P > 0.10). There were no significant main effects (P ≥ 0.15) of dam BW group on sample day combined glu cose, insulin, T 3 , T 4 , or leptin concentrations. There was a sample day effect where plasma glucose levels were 4.5% greater (P = 0.01) on d 0 (4.04 ± 0.10 mmol/L) compared with d 70 (3.87 ± 0.07 mmol/L), plasma T 3 levels were 9.8% greater (P = 0.03) on d 70 (129.7 ± 6.40 ng/mL) compared with d 0 (117.0 ± 5.62 ng/mL), and plasma T 4 levels were 36.7% greater (P < 0.01) on d 70 (3.67 ± 0.19 μg/dL) compared with d 0 (2.32 ± 0.17 μg/dL) for both dam BW groups.
Within RFI ranking groups NEG and POS, there was no sample day interaction (P > 0.10) for glucose, T 3 , T 4 , and leptin (Table 5) ; however, for insulin, there tended to be a sample day × RFI group interaction (P = 0.07). Insulin levels were lower for the POS compared with NEG RFI group on d 70 and between d 0 and 70 for the LOW RFI group. There was no main effect (P > 0.10) for glucose, T 3 , and leptin for the NEG and POS RFI rank ing groups; however, a main effect existed for insulin (P = 0.03) and T 4 (P = 0.02). Insulin levels were 22.5% higher for heifers in the NEG compared with POS RFI ranking group whereas T 4 levels were 15.7% higher for heifers in the POS compared with NEG RFI ranking group. A sample day effect existed for glucose (P = 0.01), T 3 (P = 0.03), and T 4 (P < 0.01) across both NEG and POS RFI groups and across the LOW, MED, and HI RFI groups. Within RFI ranking groups LOW, MED, and HI, there was no sample day interaction (P > 0.10) for glucose, T 3 , T 4 , and leptin (Table 5) ; however, for in sulin, there tended to be a sample day × RFI group interaction (P = 0.05). Insulin levels were higher for the HI compared with the LOW RFI group on d 0, lower for the HI compared with the LOW RFI on d 70, higher on d 70 compared with d 0 for the LOW RFI group, and higher on d 0 compared with d 70 for the HI RFI group, respectively. There was no main effect (P > 0.10) of insulin or T 4 ; however, a main effect existed for glucose (P = 0.03) and T 3 (P = 0.04) and 1 NEG included all heifers with a RFI <0.00; POS included all heifers with a RFI >0.00.
2 Pooled SE of RFI group means.
3 Least squares means for sire and within a row for each RFI ranking are declared significant at P < 0.05 with tendencies declared at P < 0.10. 4 LOW included all heifers <0.10 SD below the RFI mean; MED included all heifers ±0.10 SD around the RFI mean; HI included all heifers >0.10 SD above the RFI mean.
5 Age at the start of the feeding period.
tended to exist for leptin (P = 0.08). Glucose levels were 7.2 and 5.5% lower (P ≤ 0.02) for heifers classi fied as MED RFI compared with heifers classified as LOW or HI RFI. For T 3 , levels were 14.6% lower (P = 0.01) for heifers in the LOW compared with the MED RFI group; however, heifers in the HI RFI group were similar (P > 0.10) to both the LOW and MED RFI groups, respectively. In addition, leptin levels were 46% lower (P = 0.02) for heifers in the LOW RFI compared with the MED RFI group; however, heifers in the HI RFI group were similar (P > 0.10) to both the LOW and MED RFI groups, respectively.
Pearson Correlation
Pearson correlation coefficients for measures of BW, BW gain, ADG, FS, intake, RFI, and endocrine mark ers are presented in Table 6 . The relationship between dam BW and RFI and endocrine markers glucose, in sulin, T 3 , T 4 , and leptin were not significant (P > 0.10). A strong positive relationship existed between dam BW and DMI (r = 0.42, P = 0.01), beginning BW (r = 0.45, P < 0.01), end BW (r = 0.54, P < 0.01), BW gain and ADG (r = 0.31, P = 0.05), and FS (r = 0.58, P < 0.01).
Not surprisingly, the relationship between RFI and DMI was significant (r = 0.54, P < 0.01); however, there was no relationship (P > 0.10) between RFI and beginning and end BW, BW gain, ADG, FS, and endocrine mark ers glucose, insulin, and leptin. There was a positive relationship between RFI and d70 plasma T 3 (r = 0.34, P = 0.04) and d70 plasma T 4 (r = 0.35, P = 0.03) and tended to be a positive relationship with combined d0 and d70 plasma T 4 (r = 0.32, P = 0.05).
DISCUSSION
The objective of this study were to evaluate the relationship between dam BW and heifer RFI classifi cation on heifer DMI, RFI, animal performance, and endocrine markers during a 70-d developmental feed ing period before their first breeding season. Research has been limited evaluating cow feed intake based on differences in mature cow BW, particularly with re spect to the increase in cow size over the last 30 yr. It has been estimated that mature cow size has increased 136 kg over the last 30 yr and a recent study reported heavier cows weighing 77 and 74 kg more than their lighter herd mates of similar breed type consumed 0.8 (Walker et al., 2015) . These findings fol low a trend similar to what is reported by the NRC (1996). What is not understood is the impact of cow size on offspring intake and feed efficiency. Body weight ranges in the current study for heifers in the LIT and HEV BW group were 225 to 306 kg and 249 to 331 kg, respectively. With an 18 kg difference in mean BW between the 2 groups, approximately 26% of the LIT heifers weighed above the mean HEV BW and 20% of the HEV heifers weighed just below the mean LIT BW. Although age was similar between both BW groups, there was a positive correlation with dam BW group and initial heifer BW (r = 0.45) and heifer FS (r = 0.58). The difference in dam BW reported within those 2 BW groups during lactation and after weaning by Walker et al. (2015) was 544 and 621 kg, indicating a 77 kg difference in BW consuming 5 and 8.9% more daily DM. The female offspring from the HEV BW group in the current study followed the same intake pattern as their dams consuming 8% more daily DM. In fact, there was a strong positive relationship with dam BW group and heifer DMI (r = 0.42), indicating that cows of heavier BW produce offspring with the potential to consume more daily DM. However, 1 heifer in the LIT BW group weighed 304 kg and consumed 9.9 kg of daily DM, which is 33 kg heavier consuming 2.8 kg more intake than the mean for all heifers in the LIT BW group. Her dam's actual BW was 540 kg but consumed 16.9 kg of daily DM, which was 1.0 kg more intake than the mean for her LIT BW herd mates (Walker et al., 2015) . Therefore, if this heifer was not in the LIT BW group, the difference in mean DMI would have been greater between heifers in the LIT and HEV BW group, respectively. Adcock (2011) reported a positive rela tionship (r = 0.35) with daily DMI of replacement heif ers and again as mature cows during lactation but not during the nonlactating period after weaning (r = 0.06). Although the relationship between dam and offspring daily DMI was not evaluated, there would be reason to assume that the correlation would be positive knowing that positive relationships exist between dam BW and offspring daily DMI as well as daily DMI of heifers and again as mature cows. 1 NEG = negative (all heifers with a RFI <0.00); POS = positive (all heifers with a RFI >0.00).
2 Pooled SE of treatment means within each RFI ranking.
3 Within RFI ranking, least squares means of RFI, day, and RFI × day = interaction within a row are declared significant at P < 0.05 with tendencies declared at P < 0.10. 4 LOW = low (all cows <0.10 SD below the RFI mean); MED = medium (all cows ±0.10 SD around the RFI mean); HI = high (all cows >0.10 SD above the RFI mean).
5 Comb = day 0 and day 70 combined.
Nutrient requirements of beef cattle for mainte nance and intake are based on cow size (Klosterman et al., 1968; Lemenager et al., 1980) , breed and body condition (Klosterman et al., 1968; Lemenager et al., 1980) , and environment (Young, 1971; Young and Dietz, 1971) . For example, maintenance requirements were reported to be lowest for Brahman cows in Texas (Solis et al., 1988) and highest for Braunvieh (Ferrell and Jenkins, 1988) and Simmental (Jenkins and Ferrell, 1983) cows in Nebraska. In the current study, even though BW gains were similar, heavier BW dams produced heavier BW heifers (18 kg difference) with a numerically greater FS (0.5 FS difference). Even though performance traits were similar between the 2 sires these heifers were out of, we noticed differences in heifer performance, FS, and DMI. Most of the stud ies evaluating intake and feed efficiency in developing commercial cattle do not include breed differences. As we know, breed differences based on selection can im pact progeny performance. Therefore, it is evident that the progeny out of one Angus sire in the current study outperformed the progeny out of the other Angus sire and in addition, had greater DMI, which results in a higher cost to this growth difference. Therefore, due to the high correlation of growth traits and mature size, heavier BW heifers out of heavier BW cows will be heavier in BW as mature cows. As suggested by Garrett (1980) , the increase in protein synthesis and turnover is likely responsible for higher maintenance requirements of cattle that mature at heavier weights.
Much of the emphasis on RFI has been focused on bull development (Lancaster et al., 2009b) , carcass traits in developing cattle (McDonaugh et al., 2001; Lancaster et al., 2008 Lancaster et al., , 2009a , replacement heifers and again as mature cows (Adcock, 2011; Black et al., 2013) , replacement heifer development with sire feed efficiency data (Bormann et al., 2010) , or heifers diver gently selected for feed efficiency (Herd et al., 1997; Richardson et al., 1998) . However, there are no reports of evaluating heifer intake and efficiency from dams from a commercial beef herd previously evaluated for intake and efficiency. The impact of genetic selection on mature BW questions the potential phenotypic re lationship between dam mature size and offspring feed efficiency. In the current study, heifer RFI was not im pacted by dam BW group. The range in RFI within BW groups were -0.78 to 1.53 kg/d (LIT; mean = -0.09) and -0.46 to 1.2 kg/d (HEV; mean = 0.10), indicating that even when sorted by dam BW, the variation in RFI was large and, therefore, BW is independent of RFI. In fact, no phenotypic relationship between dam BW group and heifer RFI (r = -0.02) occurred. Crews (2005) summa rized multiple studies in a review stating that because calculations for RFI yield a zero mean, linear regres sion shows RFI to be independent of its predictors, such as BW gain and mature cow BW (Herd and Bishop, 2000; Arthur et al., 2005) . In addition, Herd and Bishop (2000) reported when RFI was measured after wean ing, estimated mature cow size using dam BW at 4.5 yr of age appears to be genetically independent of RFI. It appears selection for offspring feed efficiency based on cow size is not predictable; however, selection for off spring BW and intake based on cow size may be.
In the current study, daily DMI was greater by 0.5 kg for heifers with a POS compared with heifers with a NEG RFI ranking and by 0.6 kg for heifers with a HI compared with heifers with a LO RFI ranking. The range in daily DMI was 5.81 to 9.94 kg (mean = 7.2 kg/d) for the NEG and 6.20 to 8.72 kg (7.7 kg/d) for the POS RFI ranking groups and 5.81 to 9.94 kg (7.1 kg/d) for the LOW and 6.20 to 7.9 kg (7.7 kg/d) for the HI RFI ranking groups, respectively. Even though the heifer with the greatest daily DMI fell into the NEG and LOW RFI classification, making the deviation from the mean larger for the NEG and LOW RFI compared with the POS and HI RFI heifers, differences were still observed between the RFI classifications. As indicated by Walker et al. (2015) in mature cows, because no dif ferences in beginning or end BW or FS between POS and NEG and between LOW and HI RFI ranking heif ers were observed, RFI is affected by daily DMI. As indicated by Black et al. (2013) , cows with LOW RFI values as heifers had decreased DMI values (10.30 ± 0.41 kg/d) as cows compared with cows that ranked MED (11.60 ± 0.40 kg/d) or HI (11.50 ± 0.43 kg/d) RFI as heifers. It has also been reported that postwean ing RFI is genetically correlated to mature cow feed intake (Arthur et al., 1999; Archer et al., 2002) . In an Australian study, after 1 generation of selection, bulls, heifers, and steers from highRFI (n = 27) and lowRFI (n = 30) lines had differences in RFI and actual intake, showing a response to selection in 1 generation (Herd et al., 1997; Richardson et al., 1998) . So, the most ef ficient heifers subsequently consumed less feed as lac tating cows, maintaining similar performance. Although the relationship between endocrine markers, DMI, and feed efficiency are not quite un derstood, some studies have tried to identify these re lationships. Studies have reported insulin and glucose concentrations in beef heifers were impacted by feed intake (Yambayamba et al., 1996; Yelich et al., 1996) and insulin concentrations in feedlot steers were im pacted by RFI (Richardson et al., 2004 ). In the current study, insulin levels were 22.5% higher among NEG RFI heifers and tended to have a negative correlation with dam BW group, which is in contrast to what was reported by Walker et al. (2015) , who reported a 31% higher concentration of insulin in POS RFI cows with a positive correlation between insulin and RFI during the lactation period. These data also contrast Richardson et al. (2004) , who reported greater systemic insulin con centrations in highRFI steers at the end of a feedlot test. Hall et al. (1994) reported higher concentrations of insulin in prepubertal beef heifers fed a high vs. moderated energy diet. Because insulin helps to reduce lipolysis and stimulate lipogenesis in adipose tissue, heifers fed the same energy diet with higher plasma insulin levels in the current study may have been more efficient at utilizing nutrients, resulting in consuming less daily DM with a lower RFI value.
Differences in glucose concentrations were ob served only with MED RFI heifers where they had 5.5 and 7.2% lower levels compared with HI and LOW RFI heifers, indicating that not only did the NEG and POS RFI heifers have similar concentrations of glu cose but those heifers with the lowest and highest RFI values had similar glucose concentrations.
Thyroid hormones control growth, differentiation, and metabolism in nearly all somatic tissues; howev er, the concentrations of T 3 and T 4 in cows and their offspring have not been evaluated (Boehmer et al., 2014) . Plasma levels of T 3 and T 4 in this study were not affected by dam BW group but rather RFI ranking. Walker et al. (2015) reported a negative relationship between cow BW group and T 3 and T 4 , suggesting that as BW increased due to gain, plasma T 3 and T 4 levels decreased. Due to the role of thyroid hormones, the developing heifers in the current study require thyroid hormones to be active in the body; this may explain the difference compared with larger cows that have completed their growth curve. In the current study, T 3 levels in MED RFI heifers were 15% higher compared with LOW RFI heifers and showed a positive correla tion (r = 0.34) with RFI and d 70 T 3 levels, which is similar to what Smith (2012) observed (r = 0.30) in replacement heifers during the yearling stage. Levels of T 4 were 16 and 14% greater for heifers in the POS compared with heifers in the NEG groups and heif ers in the HI compared with heifers in the LOW RFI groups and showed a positive correlation with RFI and T 4 levels. It has been reported T 3 increases en ergy expenditure (Goglia et al., 1999) and feed intake (Cavallo et al., 1990) and is related to greater T 4 con centrations, which is consistent with current results as highRFI heifers generally have greater DMI.
The correlation between leptin and efficiency of gain has been investigated with results indicating steers with greater plasma leptin concentrations had greater DMI (Nkrumah et al., 2007) and greater RFI (Richardson et al., 2004; Nkrumah et al., 2007) . For leptin, there were no differences between heifers in the LIT or HEV BW groups, even though leptin levels were numerically 14% higher for heifers in the LIT BW group. When leptin levels were compared within the dams of these heifers, leptin was 27% higher in cows from the LIT group compared with cows from the HEV BW group during lactation; however, during the post weaning period, leptin levels were 10% numerically lower in the LIT compared with the HEV BW cows (Walker et al., 2015) . In addition, leptin concentration levels among RFI classification of heifers were similar. Leptin functions as a regulator of BW, feed intake, and energy expenditure (Houseknecht et al., 1998) and may be systemically higher for females in a positive energy balance that are more likely to be a lighter BW and have a lower daily DMI (Richards, 2003) .
As we have learned, genetic selection for faster gaining cattle over the last 30 yr has yielded heavier BW cows. As a result, heavier cows produce heavier offspring that will likely consume more DMI, as re ported in the current study. In addition, dam BW group has a strong positive relationship with female offspring BW, DMI, and FS. Similar to what other studies have reported, heifer BW is independent of RFI. Selection for heifer BW as well as dam BW group would be a poor indicator of feed efficiency in female offspring during replacement heifer development. Different sires of the same breeds can impact performance based on their growth traits, and when combined with dams of a larger BW, performance traits can be heavily influenced impacting not only gains but also FS and DMI. As seen with their dams (Walker et al., 2015) , there appears to be some relationships between physiological markers in sulin, T 3 , and T 4 and feed efficiency impacting not only intake but possibly RFI. With the increased interest in retaining replacement heifers due to the low beef cattle inventory, it is important to keep in mind the selection goals for future productivity within a herd. Retaining larger BW cows and selecting larger BW heifers will re sult in developing larger replacement heifers that have the potential to consume more DM.
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